Introduction
IN 1952 Dix and Hallpike published a detailed account of the otoneurological findings in 100 subjects who exhibited positional nystagmus of a type first described in 1921 by Bdrdny. In view of the paroxysmal character of the nystagmus and the benign course of the disorder, Dix and Hallpike termed this condition the "benign paroxysmal type" of positional nystagmus. Like Barany, they found no evidence of an organic affection of the nervous system central to the labyrinth, and agreed with Bairany in attributing the positional nystagmus to a lesion of the otolith apparatus. This view they were able to support by the finding in a typical case of certain histopathological changes in the otolith apparatus of the ear placed undermost in the critical test position. Similar clinicopathological findings in another subject who exhibited the same type of positional nystagmus during life were reported in 1957 by Cawthorne and Hallpike.
Thanks to the work of Nylen (1931) we know that positional nystagmus may also result from organic affections of the central nervous system within the posterior fossa.
Patients so affected usually differ in a number of ways from those exhibiting the benign paroxysmal type of positional nystagmus. Firstly, obvious clinical evidence is usually present of widespread and serious organic disease of the central nervous system; most commonly malignant disease, primary or secondary, or disseminated sclerosis. It is seldom, therefore, that it can be said of these patients that their lesions are limited and will not shorten life.
The character of the nystagmus, too, is important. As a rule it develops promptly in the test position, is well sustained and unaccompanied by any or much vertigo. Its direction is frequently altered if the head position is changed, and in this it exhibits Nylen's direction-changing characteristic.
Great difficulties beset our approach to the problem of its precise morbid anatomy and neural mechanism. Firstly, post-mortem material is difficult to obtain. The disease process, too, tends to be widespread, progressive and long continued. Post-mortem examination may, therefore, be deferred for months or years after the last functional tests, and the correlation of their 'From the Otological Research Unit, Medical Research Council, National Hospital, Queen Square, London, W.C.I. results with the structural changes is thus rendered very difficult indeed.
For this reason it has been necessary to resort to animal experimental studies, and a good deal of evidence obtained in this way is already at our disposal. Thus, in 1942, Spiegel and Scala were able to report the occurrence of positional nystagmus in cats as a result either of partial destruction of the lobus posterior medianus, or of electrolytic lesions of the nuclei tecti of the cerebellum. Carrea and Mettler (1947) reported the results in primates of extensive removal of the cerebellar cortex and deep cerebellar nuclei. They concluded that lesions of the posterior part of the nuclei fastigii had much the same effect upon vestibular function as lesions of the vestibular portion of the cerebellar vermis. They noted, in particular, the occurrence of positional nystagmus following extensive destruction of the vermis and nuclei fastigii. Botterell and Fulton (1938) , however, also working with primates, never observed positional nystagmus following unilateral or bilateral destruction of the nuclei fastigii.
In some of the experimental work to which we have referred, the technical methods would appear to have lacked precision, and to this it may be justifiable to attribute the inconclusive character of the results.
More recently, however, experiments designed to produce positional nystagmus in cats, and carried out with greater precision by means of stereotaxically induced lesions of the cerebellum, have been reported by Carpenter et al. (1958) and by Fernandez et al. (1959) .
Present Work
In the course of the work now to be described we have ourselves studied the effect upon vestibular function in the cat, with particular reference to the occurrence of positional nystagmus, of unilateral destruction of the nucleus fastigii. This work was carried out early in 1953 during the tenure by one of us (C. R. P.) of a whole-time grant from the Medical Research Council.
Methods and Material
The nuclei fastigii, as represented by Clarke and Henderson (1914) , consist of elongated columns of nerve cells, some 2-0-2-5 mm in diameter, and some 4-7 mm in length, with their long axes at right angles to the coronal plane, and their centres some 1 5-2-0 mm to each side of the mid-line. The sections of the cat's brain and brain-stem, which Clarke and Henderson used for their stereotaxic analysis, were also cut in the coronal plane. They thus provide a particularly clear display of the nuclei fastigii, which greatly simplifies the stereotaxic approach thereto. The vestibular affinities of the nuclei fastigii are, of course, well authenticated. Fig. 1 (taken from Jakob, 1928) shows the connexions between the nuclei and the vestibular nuclei by way of the cerebellum.
For our operations we used a stereotaxic apparatus which incorporated a number of new features. These, in addition to making possible an accurate and speedy stereotaxic approach to the various structures within the brain and brainstem, greatly facilitated the preliminary surgical procedures. Means were also provided for ensuring that the final histological sections of the brain and brain-stem were cut in the coronal plane, and in this way the histological study of the lesions was much simplified. The operations were carried out upon 3 adult cats, under intratracheal trilene and oxygen anesthesia.
Results
Cat I.-Electrolytic destruction of the right nucleus fastigii.
The animal recovered well from the operation, and was walking about and eating well forty-eight hours later. It was anesthetized and subjected to intravital fixation on the fifth day. In the intervening period it was examined daily for spontaneous and positional nystagmus, and for abnormalities of posture and gait.
No abnormality of head posture was observed. There was, however, a tendency to deviate to the right in walking.
There was no spontaneous nystagmus with the head erect at any time, and no suggestion of positional nystagmus until the fifth day. Then, with the head back and to the right, we observed two nystagmic jerks to the right and, with the head to the left, two jerks to the left. This we regarded as insignificant.
Cat 1I.-Electrolytic destruction of the left nucleus fastigii.
When first seen on the morning after the operation, the aniimal exhibited definite positional nystagmus.
With the head back and central, the nystagmus was directed vertically downwards. With the head back and to the right, there was some lateral nystagmus to the left. With the head back and to the left, there was some lateral nystagmus to the right. Under all conditions, the nystagmus was slow and disappeared slowly if the test position was maintained.
At the time of the examination the animal was still drowsy, and we accordingly thought it possible that the nystagmus was due to the Nembutal amesthetic used in this animal. This was confirmed on reexamination two-and-a-half hours later. The positional nystagmus had then disappeared and was not seen again within the period preceding intravital fixation on the fifth day. Spontaneous nystagmus with the head erect was not seen at any time. Some loss of tonus of the left limbs was noticed on the first three days after the operation. It then disappeared, and thereafter the animal seemed quite normal.
Our conclusions were that in neither of these animals had positional nystagmus been caused by the operation.
Histologicalfindings.-As usually happens, the middle ears in both animals were found to have been damaged by the fixation pins of the stereotaxic apparatus. The labyrinths, however, were normal.
In Fig. 2 is shown a low-power photomicrograph of the lesion in Cat No. I. The left nucleus fastigii is well shown. The right nucleus fastigii has been cleanly destroyed.
In Fig. 3 is shown a reconstruction, based upon a study of serial sections of the nucleus, which outlines the exact extent of its destruction. In Fig. 4 is shown a low-power photomicrograph of the lesion in Cat No. II. The left nucleus fastigii has been cleanly destroyed.
In Fig. 5 is shown a reconstruction based upon a study of serial sections of the nucleus which outlines the exact extent of its destruction.
Cat III.-In this animal we endeavoured to destroy the right nucleus fastigii. On the day following the operation some vertical nystagmus downwards was observed in the supine position, with the head central 4 or turned to the left. Two days later this nystagmus had disappeared and was not observed again within the period up to 15 days following the operation, when the animal was sacrificed. During this period the animal showed considerable loss of tonus of the right limbs, with a tendency to fall to the right. The brain-stem and cerebellum were prepared for examination by means of the Marchi procedure. The operative technique used for this animal was not so satisfactory as that used for the other two. In addition, the area of destruction found in animal No. III was a good deal more extensive 4fi^_ t t^and involved not only the nucleus fastigii but also a considerable part of the surrounding cerebellar tissue. We are, therefore, inclined to conclude that the slight positional nystagmus noted in this animal was due not to the destruction of the nucleus fastigii but to the widespread damage around it. clear-cut and because of this they seem to make possible a conclusion of some value: that positional nystagmus of the central type cannot be related to lesions of the nuclei fastigii. In respect of technique and pathological findings our results accord well with those of Carpenter et al. (1958) , who also carried out stereotaxic destruction of the nucleus fastigii in the cat on one or both sides. Their description of the degenerative changes in the cerebellum and brain-stem, as traced by means of the Marchi method, differed little from that which we have observed. They noted, too, the occurrence of ataxia with deviation to the side of the lesion when this was unilateral. Spontaneous nystagmus seems to have been a negligible feature of the after-results of the operation, and no reference is made to the occurrence of positional nystagmus.
We come, finally, to the work of Lindsay and his co-workers in Chicago (Fernandez et al., 1959) who have been successful in inducing positional' nystagmus in the cat by means of surgical ablation of the nodule. They attribute the occurrence of positional nystagmus to the abolition of inhibitory influences normally exerted by the nodule upon the vestibular nuclei.
From the point of view of practical otoneurology, it is clear that the evidence sought from these animal experiments is something that will make it possible to localize the site of lesions in the brain-stem or cerebellum which are responsible in patients for the very important physical sign of positional nystagmus of the socalled central type. All that can be said upon this point is that our own slight contribution clearly points away from the nucleus fastigii. The more extensive investigations of Lindsay and his colleagues point towards the nodule.
